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The generation of diverse types of nerve cells and the establishment and sculpting of synaptic connections between
neurons form the basis for building a functional nervous system. This Neurobiology Select highlights recent findings
that yield new insights into the differentiation of progenitor cells into neurons, the development of dendrites, and neuronal
connectivity.
A Hidden Source of Neurogenic Potential
Neural stem cells give rise to new neurons in the adult mammalian brain. Forebrain ependymal cells
lining the lateral ventricles have been proposed as a candidate neural stem cell, although some studies
suggest that they are quiescent and terminally differentiated. In a recent study, Carle´n et al. (2009) report
that these ciliated neuroepithelial cells do not normally contribute to adult neurogenesis, but that they
can give rise to neurons and astrocytes after a stroke. The authors take advantage of a virus-based
lineage-mapping technique to mark ependymal cells in the adult mouse brain and their progeny by
b-galactosidase expression. They find that in wild-type mice, b-galactosidase expression is restricted
to ependymal cells, indicating that the cells do not give rise to neuronal progeny. However, when the
mice suffer a stroke, the layer of ependymal cells becomes disordered and after 2 weeks is severely
depleted. Meanwhile, there is a corresponding increase in ependymal cell-derived neuroblasts and
astrocytes, some of which migrate into the subventricular zone. The authors find that Notch signaling
activated by the protein RBP-J maintains ependymal cells in a quiescent fate. Blocking expression of
RBP-J in ependymal cells enables them to enter the cell cycle, migrate, and differentiate into neurons.
The ability of ependymal cells to become neuroblasts and astrocytes after brain injury suggests the
exciting possibility that populations other than neural stem cells may be able to contribute to brain repair
after severe injury.
M. Carle´n et al. (2009). Nat. Neurosci. 12, 259–267.
Neurons Turn Gliogenesis Up a Notch
Whereas Notch signaling is capable of limiting the differentiation potential of cells in the mature
mammalian brain, it seems to play a distinctly different role in the developing nervous system.
During development, neural precursor cells in the mammalian nervous system first give rise to
neurons before becoming competent to differentiate into glial cells such as astrocytes. As the
relative proportion of neurons to glia in the nervous system may directly impact neural function,
one intriguing candidate for inducing the switch to gliogenesis is the newly differentiated neuron
itself. Namihira et al. (2009) now report evidence suggesting that committed neuronal precursor
cells and young neurons may activate Notch signaling in the remaining neural precursor cells,
priming them for differentiation into astrocytes. Normally, the promoters of astrocyte-specific
genes are methylated in neural precursor cells from midgestational mammalian embryos,
blocking the induction of astrocyte differentiation by cytokines such as leukemia inhibitory
factor. However, the authors find that when neural precursor cells from midgestational mouse
embryos are cocultured with embryonic cortical neurons, they become responsive to leukemia
inhibitory factor and differentiate into astrocytes. Treatment of the cocultured cells with a chem-
ical inhibitor of Notch signaling abolishes astrocyte differentiation, implicating Notch activation
as the trigger for astrocyte differentiation. Indeed, overexpression of the Notch intracellular
domain, which is required for activatingNotch signaling, in midgestational neural precursor cells
is sufficient to induce demethylation of astrocyte-specific gene promoters and to promote their
differentiation into astrocytes. Next, Namihira and colleagues find that in the ventricular zone of
the E11.5 embryonic mouse brain, cells that express Neurogenin-1 (which is normally downregulated in mature neurons) also produce
Notch ligands that activate Notchsignaling in adjacent neuralprecursorcells. The cellsexpressingNeurogenin-1maybeeitherneuronal
precursor cells committed to a neuronal fate or newly differentiated neurons, although their precise identity remains to be determined.
The new work suggests that cells committed to a particular fate may be able to influence the fate of their uncommitted brethren, thereby
providing a feedback mechanism to regulate the proportions of different cell types, in this case the ratio of neurons to glia.
M. Namihira et al. (2009). Dev. Cell 16, 245–255.
For Excitatory Neurons, Blood Is Thicker than Water
Just as the relative proportions of different nerve cell types within a brain may shape neural function, the organization of neural circuits
also influences how synaptic signals are transmitted, processed, and integrated. Within the mammalian neocortex, neurons are ar-
rayed into functional columns of microcircuits with highly specific synaptic connections. In recent work, Yu et al. (2009) explore at the
single-neuron level how this columnar circuit architecture may be achieved. In the developing mouse brain, radial glial cells in the
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neocortex give rise to clonally related (sister) neurons that migrate into the cortical plate. Each set of sister
neurons forms a columnar arrangement (called a radial clone) that spans the layers of the neocortex. The
authors asked whether these radial clones underpin the organization of columnar microcircuits in the
neocortex. Yu and colleagues injected mouse embryos in utero with fluorescently tagged retroviruses
to label the progenitor cells of radial clone neurons. Labeling of neurons (principally excitatory neurons)
within single radial clones enabled the authors to identify sister neurons and to analyze their synaptic
connections. Remarkably, Yu and coworkers find that sister neurons prefer to form synapses with each
other rather than make connections with unrelated neighboring neurons, even though these neighbors
are closer. Indeed, whole-cell patch clamp recordings reveal that 36.9% of the sister neuron pairs exam-
ined have synaptic connections with each other compared with just 6.3% of sister neuron pairs that form
synaptic connections with adjacent unrelated neurons. Furthermore, the synaptic connections between
sister neurons seem to be unidirectional, that is, when injected with current, only one neuron is capable
of evoking postsynaptic currents. Yu et al. also observe that the directional connectivity of sister neurons
within the layers of the neocortex is similar to that found in excitatory neuronal microcircuits of the mature
neocortex. Taken together, these data suggest that the functional columnar circuit architecture of the
mammalian neocortex may be composed of synaptically connected sister neurons within radial clones.
Y.C. Yu et al. (2009). Nature. Published online February 8, 2009. 10.1038/nature07722.
Retinoic Acid Makes Dendrites Grow
Cells within neural circuits transmit information to each other through synaptic connections that are
formed between long extensions from the neuron’s cell body (axons), which send signals, and short
extensions from the neuron’s cell body (dendrites), which receive signals. The ability of a neuron to
receive and process synaptic inputs is dictated by the morphology of its dendrites. However, the regu-
latory pathways underlying the growth of dendrites remain poorly understood. In recent work Zhuang
et al. (2009) uncover an unexpected pathway governing dendrite development in the limb innervating lateral motor column (LMC)
neurons of the chick embryo. This pathway is induced by retinoic acid, which is known to be essential for development of spinal motor
neurons, and is mediated by the Rho-guanosine exchange factor (GEF) FARP1. Immunostaining of the chick embryo ventral spinal
cord at different developmental stages reveals that Farp1 expression, upregulated by retinoic acid, is enriched in the dendrites of
LMC neurons but is absent from neurons of the median motor columns. Consistent with a specific role for FARP1 in dendritic devel-
opment, overexpression of Farp1 in cultured chick LMC neurons increases dendrite length without altering dendrite number or axon
morphology. How does FARP1 modulate dendritic growth? The authors determine that this Rho-GEF is an effector of plexin-sem-
aphorin signaling mediated by PlexinA4 and its ligand Sema6A. Depletion of either PlexinA4 or Sema6A from embryonic chick LMC
neurons reduces dendrite length without affecting dendrite number. FARP1 binds specifically to PlexinA4, forming a complex that
drives dendritic growth in the presence of Sema6A. Notably, like FARP1, Plexin4 is not expressed in median motor column neurons,
indicating that it is part of an LMC-specific program of dendritic growth. These findings suggest that dendritic developmental
programs may be highly specific to neuronal subtypes, hinting that complex signaling networks govern dendritic growth.
Zhuang et al. (2009). Neuron 61, 359–372.
APPlying New Shears to Neuronal Pruning
Axonal growth and neurogenesis play crucial roles in building the developing nervous system. Paradoxically, the process of neuronal
cell death is equally important. Although associated with devastating neurodegenerative diseases in the adult, neuronal cell death
has a useful purpose in the developing nervous system, providing a way to trim unproductive neural connections and to strengthen
productive circuits. Nikolaev et al. (2009) now report the identification of a pathway for axonal pruning and neuronal cell death that
may straddle the two worlds of nervous system development and adult neurodegenerative disease. During development, neurons in
unproductive circuits undergo axonal pruning or apoptosis whereas those in productive circuits are protected against such events by
the presence of trophic factors such as nerve growth factor (NGF). Nikolaev and colleagues find that the proapoptotic death receptor
DR6 directs accelerated neuronal degeneration in the absence of trophic factors. Axonal degeneration and apoptosis of developing
rat spinal cord neurons deprived of trophic support can be prevented by depletion of DR6 using short-interfering RNAs or anti-DR6
antibodies. Interestingly, DR6 triggers activation of distinct caspases: caspase-3 for neuron cell body degeneration and caspase-6
for axonal degeneration. The activation of death receptors in apoptosis typically requires the binding of extracellular apoptotic signals
(death ligands). Remarkably, Nikolaev et al. now identify the soluble N-terminal fragment (N-APP) of the amyloid precursor protein
(APP) as the death ligand that activates DR6. Amyloid plaques in brain tissue formed by aberrant cleavage of APP have been linked
to neurodegeneration in Alzheimer’s disease, but little attention has been paid to the N-APP fragment. The authors find that upon
NGF withdrawal, APP at the surface of axons of cultured embryonic rat spinal cord neurons undergoes two rounds of cleavage to
yield the 35 amino acid fragment, N-APP. N-APP is both necessary and sufficient to induce axon degeneration and death of
rat spinal cord neurons deprived of NGF. Thus, APP and DR6 constitute a neuronal self-destruction pathway that is activated by
loss of trophic factors. Given the link between APP and Alzheimer’s disease, this developmental pathway may also contribute to
neurodegeneration in the adult brain.
A. Nikolaev et al. (2009). Nature 457, 981–989.
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